The purpose of this cross-sectional study was to examine differences in the geographic distribution of two distinct subtypes of canine lymphoma (CL), B-cell lymphoma (BCL) and T-zone lymphoma (TZL), in the USA while accounting for heritable risks associated with the outcome of disease through inclusion of only one breed of dog. This study included 454 Golden retrievers and associations between geographic areas of the USA and the phenotypic variant of lymphoma were examined using multivariable logistic regression. There was a detectable difference in the geographic distribution of BCL and TZL with dogs in the Northeast [odds ratio (OR) = 3.4, 95% confidence interval (CI) = 1.6-7.0] and East North Central regions (OR = 12.1, 95%CI = 3.6-40.5) being more likely to be diagnosed with TZL as compared to dogs in the Mountain region of the USA. The finding of non-random geographic distribution of lymphoma subtypes suggest that environmental risk factors may contribute to the development of different types of CL.
Canine lymphoma (CL) is the third most commonly diagnosed tumor in dogs and is considered to be a valid model for the study of lymphoma in humans. 1 -6 Malignant lymphomas are a heterogeneous group of diseases with more than 50 differentiated subtypes of human lymphoma included in the World Health Organization (WHO) revised system of classification for hematopoietic and lymphoid tumors many of which have analogous tumors in dogs. 7 -9 Classification of CL subtypes using the WHO criteria has been shown to be an accurate tool for use in veterinary medicine, especially when used to identify the most common subtypes of CL, which includes diffuse large B-cell lymphoma (BCL) and T-zone lymphoma (TZL). 8 Differences in clinical presentation of disease, response to treatment, mortality rates and survival times have been shown to exist between different CL subtypes. 9 -15 In addition, it has been shown that some breeds of dogs develop B-or T-cell derived lymphoma in disproportionate frequency, suggesting there is heritable risk for developing specific subtypes of CL. 16 -19 Although the complete etiology of CL and human non-Hodgkin's lymphoma (NHL) remains unclear, it is suspected that both genetic and environmental factors contribute to the development of disease. 1, 20, 21 In dogs, exposure to specific environmental factors including pollution, tobacco smoke, pesticides, electromagnetic fields and infection with tick-borne disease, have been previously investigated. 19, 22 -31 However, most of the published investigations regarding environmental factors as risks for development of CL do not differentiate between risks of developing different subtypes of lymphoma. 32 In humans, however, specific environmental factors have been shown to be associated with the occurrence of different subtypes of lymphoma and the geographic distributions of lymphoma subtypes have been shown to vary widely. 21 ,33 -38 Given the many similarities between CL and NHL, further investigation into the possibility of heterogeneous etiologic factors being associated with the occurrence of different subtypes of CL in dogs is warranted. In order to investigate differing etiologies without measuring specific environmental exposures it is possible to use geographic distribution as a proxy for all environmental exposures in a particular area. However, in order to differentiate between genetic and environmental etiologies, investigations pertaining to this question must account for the possibility of genetic influence in the development of CL either through study design (e.g. through restricted sampling) or in the statistical analysis (e.g. stratification). Considering this, the purpose of this study was to examine differences in the geographic distribution of two distinct subtypes of CL (BCL and TZL) in the USA in Golden retrievers.
Materials and methods

Overview
Golden retrievers diagnosed with either BCL or TZL using flow cytometry were selected for inclusion in this cross-sectional study. Subjects were classified according to the geographic region of the USA from which the sample was submitted, using the zip code data from the referring veterinarian. Associations between geographic areas of the USA and the phenotypic variant of lymphoma diagnosed were examined using multivariable logistic regression.
Study population
The study population was selected from the database maintained by the Clinical Immunology Laboratory at Colorado State University (CSU-CI). This database includes information regarding signalment, clinical findings and histology reports provided by referring veterinarians on more than 5000 dogs with a suspected diagnosis of lymphoproliferative disorder. Information regarding sample type (blood or lymph node aspirate) and results of immunophenotyping are also maintained in the database. In order to be eligible for this cross-sectional study, samples must have been collected from a Golden retriever and submitted to the CSU-CI between 1 January 2007 and 30 April 2014. Furthermore, only dogs with diagnoses of BCL or TZL (based upon results of immunophenotyping at the CSU-CI) were eligible for this study. Subjects were categorized according to the zip code location of the veterinary hospital which submitted the sample, using the US Census Divisions (Fig. 1) . 39 Because submissions were sparse for eligible subjects from some regions, to facilitate statistical analyses, adjacent census divisions were grouped for West North and West South Central regions, South Atlantic and East South Central regions, and New England and Middle Atlantic regions. Other data collected from submission forms and recorded in the laboratory database included sex (male/female) and age (≤6, 7-8, 9-10, ≥11 years).
Flow cytometry
Samples were submitted directly to the CSU-CI or shipped overnight on ice. Samples were refrigerated upon receipt and were analyzed within 72 h of being collected from the dog. Samples were prepared as described previously. 40, 41 Briefly, material from lymph node aspirates arrived at the laboratory in a solution consisting of 10% serum and saline. These samples were centrifuged and suspended in 1 mL of lysis buffer (0.15 M NH 4 CL, 1 M KHO 3 , 0.1 mM Na 2 EDTA, 1 N HCL at a pH of 7.2-7.4) for 5 min at room temperature. Blood samples were lysed by combining 400 L of blood with 1 mL of lysis buffer for 5 min at room temperature. All samples were centrifuged and lysed a second time and suspended in 200 L of phosphate buffered saline and 2% fetal bovine serum (PBS-2% and FBS). A total of 25 L of cell suspension and 25 L of antibody cocktail were added to individual wells in a 96-well plate. Samples remained at room temperature for 15 min, were washed twice, and were resuspended in 10 g mL −1 of propidium iodide and PBS-2% FBS for dead cell exclusion, and analyzed within an hour using a Coulter XL flow cytometer. Criteria for the diagnosis of BCL was the presence of greater than 60% of the large cells expressing CD21. Criteria for the diagnosis of TZL was the presence of T cells (CD5+) that do not express the pan-leukocyte antigen CD45. 42 
Data analysis
Demographic information retrieved from the CSU-CI database regarding the case population for this study was summarized by calculating descriptive statistics and frequency distributions. Associations between the geographic location categories of subjects and the phenotypic variant of lymphoma diagnosed were evaluated using multivariable logistic regression (STATA, logistic, Stata 11, StataCorp, College Station, Texas, USA), with the outcome of the model being TZL versus BCL (i.e. the outcome of TZL was modeled as a dichotomous outcome). Sex and age of the animal were forced into the model as potential confounders, regardless of P-value, as these have been previously associated with the occurrence of lymphoma in dogs. 43 -46 The a priori critical alpha for statistical testing of the geographic variable was 0.05. Two-way interactions between all three variables included in the model were evaluated. ORs and 95% CIs were estimated using the results of the logistic regression model.
Results
Characteristics of study population
A total of 454 Golden retrievers met inclusion criteria and were included in the study. Samples submitted for immunophenotyping from >50% of the subjects examined were collected from lymph nodes (255, 56.2%) and the lymphoproliferative disease was characterized in the remaining subjects (196, 43.2%) using blood samples. The majority (89.9%) of B-cell samples were based on lymph node aspirates whereas the majority (76.7%) of T-zone samples were identified by immunophenotyping of blood (Table 1) . Most dogs included in the study were >7 years old, with 46.3% (210) of the population being ≥9 years old ( Table 1 ). The population was roughly equally divided between male and female dogs and the majority of the population (92.1%) was neutered. Veterinarians submitting samples for study subjects were located in 35 states (Fig. 1) . Nearly half of the study population originated from two of the nine geographic census regions: Mountain (24.0%) and South Atlantic (25.1%) ( Table 1) . Because of relatively sparse data availability for dogs from some regions, six adjacent regions were collapsed into three categories to facilitate further analyses; data from New England and Middle Atlantic regions were combined, as were data for the South Atlantic and East South Central regions, and the West North and South Central regions (Fig. 1) .
Results of logistic regression modeling
The variables for geographic region and age were statistically significant in the multivariable logistic regression model. Interaction terms for main effects were not significant when included in the model. Controlling for effects of age and sex, the distribution of the two subtypes of lymphoma were not uniformly distributed among the different regions of the USA, with TZL being more common in the Northeastern US (Middle Atlantic, New England, and East North Central regions) and BCL being more common in the Southeast (South Atlantic and East South Central) and Western (Pacific, West North, and West South Central) regions (Table 1) . When compared with dogs in the Mountain region, Golden retrievers in the New England and Middle Atlantic areas had >3 times greater odds of being diagnosed with TZL (OR = 3.4, 95%CI = 1.6-7.0), and those in the in the East North Central region had >12 times greater odds of being diagnosed with TZL as compared with Golden retrievers in the Mountain region of the USA (OR = 12.1, 95%CI = 3.6-40.5). Distributions of TZL and BCL in the other regions were not significantly different from that of the Mountain region (Table 1) . Controlling for the effects of geographic distribution and sex, the odds of developing TZL increased with age, relative to the odds of developing BCL. Compared with dogs that were ≤6 years old, dogs that were 7-8 years old had about 4 times greater odds of being diagnosed with TZL, those that were 9-10 had about 8 times greater odds, and those that were ≥11 years old had about 16 times greater odds of being diagnosed with TZL (Tables 1 and 2) .
Discussion
This study detected marked differences in the geographic distribution of B-cell and T-zone subtypes of CL diagnosed in Golden retrievers in the USA, based upon patterns of submission to the CSU-CI laboratory, the population source for this study. These differences could be related to a number of different factors, including patterns of submission to the CSU-CI laboratory, genetic differences in the dogs, or patterns of environmental exposure. It is not possible to know the proportion of samples submitted to the CSU-CI laboratory as compared with other laboratories performing flow cytometry in the USA. However, although submissions to other laboratories could have affected the overall sample submissions to the CSU-CI laboratory from particular regions of the USA there is no reason to expect that the samples submitted to CSU-CI from regions with fewer sample submissions would be biased towards either subtype of lymphoma characterized here. It is quite possible that dogs from specific lineages predominate within different geographic regions, influencing the genetic makeup of the majority of dogs within a geographic region and resulting in varying genetic predispositions towards development of one subtype of lymphoma over another. However, studies investigating genetic variation within different dog breeds have shown individual breeds to be genetically isolated, probably due to the advent of breed clubs and their imposition of the pedigree barrier, wherein registration of a dog requires both parents be registered members of the same breed. 47 -50 The genetic homogeneity found within an individual breed makes this possibility less likely to have occurred.
An alternative hypothesis is the difference in occurrence of CL subtype in different regions of the USA is influenced by differing exposures to environmental factors that influence the occurrence of different subtypes of lymphoproliferative disease. These factors could be natural, (e.g. radon) or could be related to anthropogenic factors (e.g. industrial pollution) that differ across geographic regions in the USA. One way to differentiate between these two hypotheses in future research would be to include more than one breed of dog in the study population. If the difference between distributions of CL subtypes were similar in multiple dog breeds, it would suggest this difference is more likely due to environmental factors rather than due to regional differences in genetic predispositions amongst members of one breed of dog. A potential source of bias in this study was that dogs diagnosed with BCL were more likely to be diagnosed based upon a lymph node aspirate rather than a blood sample submission. This indicates there was a clinical presentation in these dogs (e.g. enlarged lymph nodes) that may not have been present in dogs diagnosed with TZL, which is considered an indolent disease, probably explaining the statistically significant increased age at diagnosis for dogs with TZL as compared to those with BCL. 13, 42, 51 Lack of a clinical presentation indicative of lymphoproliferative disorder may have resulted in fewer cases of TZL being diagnosed than were actually present within the overall population of Golden retrievers in the USA. However, there is no indication there would be a geographic component to the potential under diagnosis of this subtype of disease, so even if under diagnosis did occur, it is unlikely to have affected findings of this study regarding differences in geographic distribution of the two conditions.
We arbitrarily chose to use geographic boundaries based on census divisions, as an efficient state-based method for classifying larger contiguous regions. However, this may not be the most appropriate method for classifying geographic region if geographic differences related to causal exposures do not coincide with this geographic classification. For example, an alternative way to describe regional differences may be to use ecologically and geographically defined areas, such as the ecoregions defined by the US Environmental Protection Agency (EPA) rather than state-line boundaries. 51 Another approach that could be used to evaluate spatially related disease determinants would be to use geographic information systems (GIS) analysis to test specific exposure hypotheses, such as presence or absence of a particular type of industry (e.g. waste incinerators) or amount of a particular chemical (e.g. 2,4-dichlorophenoxyacetic acid) measured in groundwater within a region.
Another limitation of this study is the lack of complete patient history -including historical address information -resulted in the need for classification of location based upon location of the veterinary clinic, not the subject's home address. This could have resulted in misclassification of geographic exposure information. However, the summarizing geographical regions as large contiguous blocks would make geographic misclassification less likely, as owners are likely to have lived within the same analysis region where their veterinarian's hospital is located.
In humans, differences in distributions of different subtypes of lymphoma have been well established. 21, 33 -37,52-54 This has resulted in descriptive and analytic investigations into risks associated with the outcome of lymphoma being restricted to specific subtypes of the disease. The findings of this study suggest that future work in canine populations related to etiologic investigations of CL should differentiate between the specific subtypes of the disease.
